Sigma ligands with subnanomolar affinity and preference for the sigma 2 binding site. 2. Spiro-joined benzofuran, isobenzofuran, and benzopyran piperidines.
Spiro[isobenzofuran-1(3H),4'-piperidines] and the corresponding benzofuran and benzopyran derivatives have been synthesized and evaluated as sigma ligands. The compounds are related to Lu 28-179 (1'-[4-[1-(4-fluorophenyl)-1H-indol-3-yl]-1- butyl]spiro[isobenzofuran-1(3H),4'-piperidine]) that has been demonstrated to be a selective sigma 2 ligand with affinity in the subnanomolar range. The object of the study was to determine the structural factors governing sigma 1/sigma 2 affinity and selectivity within this class of compounds. The N-substituent in spiro[isobenzofuran-1(3H),4'-piperidines] is highly important, both for affinity and selectivity. Spiropiperidines with no or small N-substituents (H, Me, Et) exert very low affinity for both sigma 1 and sigma 2 binding sites (IC50(sigma 1, sigma 2) > 100 nM), whereas medium-sized substituents (e.g., Pr, Bu, Ph(CH2)2) result in potent, but unselective compounds (IC50(sigma 1, sigma 2) = 2-5 nM). Increasing the chain length and the lipophilicity of the N-substituent result in compounds in which high affinity for sigma 2 binding sites is retained and with selectivity for sigma 2 vs sigma 1 binding sites (e.g., 4-cyclohexyl-1-butyl: IC50-(sigma 1) = 1.5 nM, IC50(sigma 2) = 0.07 nM). Introduction of substituents in the benzene ring of the spiro[isobenzofuran-1(3H),4'-piperidine] ring system of Lu 28-179 mainly affects affinity for sigma 1 binding sites. Compounds with substituents (F, CF3) in the 4- or 7-position of the isobenzofuran display high affinity for sigma 2 binding sites (IC50(sigma 2) = 0.5-2 nM) and very low affinity for sigma 1 binding sites (IC50(sigma 1) > 100 nM). Compounds with substituents (F, CF3, Me) in the 5- or 6-position of the isobenzofuran exert increased affinity for sigma 1 binding sites (IC50(sigma 1) = 5-30 nM, IC50(sigma 2) = 0.3-7 nM), thus rendering unselective compounds. Exchanging the isobenzofuran moiety of Lu 28-179 with thioisobenzofuran, benzofuran, or benzopyran also has a pronounced effect on both affinity and selectivity for sigma binding sites. The position of the oxygen atom and the position of the spiroconnection with the 4-position of the piperidine ring were varied, and only compounds in which both the benzene ring and the heteroatom are attached directly to the piperidine ring retain high affinity and selectivity for sigma 2 binding sites (e.g., 3,4-dihydro-1'-[4-[1-(4-fluorophenyl)-1H-indol-3-yl]-1- butyl]spiro[1H-2-benzopyran-1,4'-piperidine]: IC50(sigma 1) = 53 nM, IC50(sigma 2) = 0.9 nM).(ABSTRACT TRUNCATED AT 400 WORDS)